Recent concerns surrounding asbestos exposure have extended from occupational settings into natural settings. These developments have caused us to examine the distribution of amphiboles, which are potential asbestiform minerals, within the soils of the U.S.A. Evaluation of mineralogical data from selected sand and/or silt fraction of soils from the USDA-NRCS National Cooperative Soil Survey database shows that soils in all states (except for Rhode Island) contain amphiboles. In 41 of the 50 states, 10% or more sampled pedons contain amphiboles. Overall, 4396 pedons out of the 34 326 pedons (about 13%) sampled in the U.S.A. contained amphiboles. Pedons containing amphiboles ranged from less than 1 to 49% of the pedons among all states. While amphibole asbestos deposits occur in mafic and ultramafic provinces, soil amphiboles occur evenly distributed across the U.S.A. The majority of the amphiboles found in the soils would likely not meet the mineralogical definition of asbestos (i.e., they would not have been derived from asbestiform amphiboles); however, the majority would likely meet a commonly used regulatory definition of a fiber (i.e., are over 5 µm in length with a greater than 3 to 1 aspect ratio). Based on the regulatory definition, 13% of soil pedons and 5% of soil horizons in the U.S.A. are "naturally contaminated."
introDuction
Within the past decade, concerns in asbestos exposure have spread from the occupational setting to the natural environment. The focal point for this new concern was in El Dorado Hills, California, when a resident "discovered" what has unfortunately become known as "naturally occurring asbestos" or NOA for short. However, it appears the original meaning of NOA was "natural occurrences of asbestos" (Gunter 2009 ). Regardless, issues stemming from El Dorado Hills spawned this new concern. Meeker et al. (2006) analyzed the morphology and composition of amphiboles in soils in the vicinity of asbestos-bearing rock outcrops in the El Dorado Hills area. They concluded that three main types of amphiboles were found, including tremolite, actinolite, and magnesiohornblende, all with fibrous morphology. Tremolite was usually found with fibrous morphology, and actinolite and magnesiohornblende had morphologies ranging from prismatic to fibrous. Amphibole asbestos exposure is often more of a concern than chrysotile exposure as amphibole asbestos is regarded as the more hazardous (McDonald et al. 2004) . While is it somewhat beyond the scope of this paper to discuss the reasons why, interested readers should see Gunter et al. (2007) and Plumlee et al. (2006) and references therein. It is, however, the goal of this paper to discuss the geographic distribution of amphiboles in the U.S.A., as amphiboles compose about 5% of the Earth's crust (Dyar and Gunter 2008) , which makes them more common than chrysotile in the natural environment.
Generally, there are two types of possible asbestos exposure: (1) occupational (concentrated in products such as insulators) and (2) natural (asbestos in rock outcrops or soil). The simple presence of amphibole asbestos does not pose a risk until it is disturbed and particles of respirable size are suspended in the air. Such disturbances include mining, road construction, agriculture, forestry, urban development, and natural weathering processes (Hendrickx 2008) . Populations most at risk of exposure to asbestos in nature are workers and communities associated with activities that disturb rocks or soils containing asbestos (Hendrickx 2009) . Recent studies have shown somewhat conflicting results for exposure to asbestos occurring in its natural setting. For example, Pan et al. (2005) showed an increased risk of mesothelioma relating to residential proximity to ultramafic rocks in California, whereas de Grisogono and Mottana (2009) showed no correlation between residential proximity to natural occurrence of asbestos and mesothelioma in Italy. Interestingly, almost 30 yr ago, Ross (1982) showed no increase of asbestosrelated diseases for non-occupational exposure to individuals living in asbestos mining areas.
The definition of asbestos differs between its use in commercial products in the built environment and potentially asbestiform minerals occurring in their natural settings (Gunter 2010 (Guthrie and Mossman 1993) ." The crux of this issue is the differing use of the word "fiber" between the regulatory and mineralogical community. The term fiber, from a regulatory standpoint, is a particle that is 3 times longer than wide with a length greater than 5 µm (Glenn et al. 2008 ). However, this definition was originally meant to be used as counting criterion for fibers found in occupational settings rather than a way to define asbestos (Gunter 2010) . Using this counting criterion, Wylie (1988) showed 47 and 78% of two milled non-asbestiform amphiboles would be counted as "fibers." It should be noted that milling, in general, reduces the aspect ratio of non-asbestiform amphiboles (Campbell et al. 1977) . Thus, most non-milled, amphibole particles (i.e., those occurring in nature) would be counted as fibers, due to their elongate morphology. Of course this elongate physical property of amphiboles is taught to students in beginning geology and mineralogy classes. From a mineralogical standpoint, a fiber is a mineral particle with elongate morphology (Guthrie and Mossman 1993; Glenn et al. 2008) . The mineralogical term "asbestiform" refers to a flexible mineral fiber easily separable and arranged parallel to other fibers (Guthrie and Mossman 1993) .
Unfortunately the debate on asbestos nomenclature continues and shows no sign of ending. In fact, in a recent US government document (NIOSH 2010), the term "elongate mineral particle" was coined and defined as any mineral particle with an aspect ratio greater than 3 to 1 and 5 µm in length or longer, with an implied concern that this group of minerals presents a health risk. As pointed out almost 30 yr ago (Skinner et al. 1982) , slightly over 10% of the known mineral species can occur in this shape. More recently Gunter (2010) showed SEM photographs of quartz, feldspars, sheet silicates, and calcite occurring in soils that would also meet this shape definition. Thus, while the definition of asbestos should be refined as we move from the built to natural environment, it appears to be broadening.
methoDs
Our goal herein is to examine an existing database to determine the amphibole content of soils. This is part of a larger study in which we are determining both the amphibole content and morphology on a suite of USDA soil samples from various locations in the United States. Each sample in the USDA-NRCS database (USDA-NRCS 2010) represents a horizon within a unique pedon, whose location is given by latitude and longitude. A horizon is a layer within the soil with unique macromorphological characteristics. A pedon is a three-dimensional body of soil that consists of all the horizons at that location. Mineral content of each horizon is determined by a point count of 300 particles in a grain mount made from a sand or silt fraction using a polarizing light microscope (Burt 2004) . In this study, there are a total of 212 839 horizons within 34 326 pedons that were sampled in the U.S.A. In a separate set of studies, Van Gosen (2005 , 2006 , 2007 gave the location of asbestos deposits throughout the U.S.A., except for California, Alaska, and Hawaii. Data sets for California and Alaska are being prepared and currently there are no known occurrences of asbestos in Hawaii (Van Gosen, personal communication). Van Gosen also differentiated chrysotile locations from amphibole asbestos locations, and we have only used the latter herein for comparison to soil amphibole locations.
To determine the distribution of amphiboles in the U.S.A., a query was run in the USDA-NRCS National Cooperative Soil Survey database to determine the extent of soils containing amphiboles. The amphibole minerals were not discriminated by species in all of their samples, so we grouped all amphiboles together. The number of horizons and pedons containing amphiboles were obtained for each state and compared with the total number of units sampled (Table 1) . Using the counts of amphibole-bearing horizons for each state, we calculated the percentage of horizons containing amphiboles. Similar methods were applied to calculating percentages of amphibole-bearing pedons (Table 1) . Last, we plotted the location of these amphibole-containing soils along with known locations of amphibole asbestos from Van Gosen (2005 , 2006 , 2007 in Figure 1 . showing amphibolecontaining pedons (blue circles) and natural occurrences of amphibole asbestos as documented in a series of USGS r e p o r t s m a r k e d with red circles (Van Gosen 2005 , 2006 , 2007 . USGS data sets for California and Alaska are in preparation, and there are no known o c c u r r e n c e s o f asbestos in Hawaii. Also shown are six larger circles (labeled a-f, with associated percent amphibole content of soil next to each). As part of a larger on-going study, soil samples were collected from these circled areas and their amphibole content determined by powder XRD. Examples of amphibole particles from locations "a-d" are shown in Figure 2 . For location "e" see Figures 3 to 5 and location "f" is shown in Figure 25 (Gunter et al. 2007 ). c. d.
resuLts anD Discussion
Based on our results, amphiboles within soils in the U.S.A. are ubiquitous; soils in every state, except for Rhode Island, contained amphiboles. Five percent of horizons and 13% of pedons contained amphiboles (i.e., they contained at least one counted amphibole particle of the 300 in the PLM point count). The state percentages ranged from a low in Florida (1% of horizons and 4% of pedons) to a high in Arkansas (24% of horizons and 49% of pedons). In 41 out of the 50 states, 10% or more pedons contain amphiboles. States with few pedons containing amphiboles (less than 10% pedons) are intermingled with states that have more pedons containing amphiboles (Fig. 1) . Figure 1 also shows circled areas sampled by Gunter and coworkers as part of a separate ongoing study to determine the amphibole content and amphibole morphology in soils. The percentages on the map refer to the amphibole content determined by powder X-ray diffraction as discussed in . Each of these samples represents a different geologic setting within the country. Although some of samples are not from mafic or ultramafic provinces, where amphibole-bearing rocks are typically found, all of them contain amphiboles at the 1% or greater level. SEM photographs of example amphibole particles from those soils are shown in Figure 2 ; all of these particles would meet the counting criteria to be considered a fiber.
Occurrences of amphiboles asbestos ( Fig. 1) have been documented in association with metamorphic rocks, such as in the Appalachians, the Rocky Mountains, or along the western coast of the U.S.A. (Van Gosen 2005 , 2006 , 2007 . However, the USDA database shows that soils containing amphiboles are not constrained to outcrops of potential host rocks and are generally distributed across the U.S.A. This makes geological sense, as many of these soils would contain minerals derived from amphibole-bearing rocks that were either the underlying parent rock or had been transported by normal geological processes (i.e., wind, rivers, and glaciation).
The results herein may not be surprising to the geological community (i.e., that amphiboles are ubiquitous in the natural environment). However, many outside of that community (e.g., those in the medical, industrial hygiene, and regulatory fields) should find these results useful in helping them to understand that definitions applied to asbestos in the occupational setting cannot be applied to the natural setting. And if these occupational definitions are applied to the natural environmental, then many of our farmlands, by definition, will be considered "asbestos contaminated."
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